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(54) PHOTOMULTIPLIER TUBE 

(57)Abstract: 

PURPOSE: To reduce the fluctuation of electron transit time at the time 
of cascade multiplication. 

CONSTITUTION: In a glass tube 101, a photoelectric cathode 103 on 
the inner wall, focus electrodes 120,121, dynodes 104-113, and an 
anode 114 are provided. To the dynodes 104-113, bleeder voltages of 
800-225OV are applied so as to be increased step by step successively 
according to the approach to the anode 114 respectively. Auxiliary 
electrodes 60,61 are provided between the 1st. dynode 104 and the 
2nd dynode 105. The auxiliary electrode 60 is used for deceleration of 
secondary electrons generated from the 1st. dynode 104, and a voltage 
equal to that of the 2nd dynode 105 is applied to it. The auxiliary 
electrode 61 is used for acceleration of secondary electrons and a 
voltage equal to that of the 4th dynode 107 is applied to it. 
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* notices * 

JPO and NCIPI axe not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The photomultiplier tube which carries out cascade multiplication of the electron produced by incident light in the 
photoelectric surface by the secondary-electron-emission effectiveness by two or more steps of dynodes, is the photomultiplier tube 
which detects said incident light, and is characterized by having the decelerating electrode which slows down what has a large rate 
among said secondary electrons produced from the 1st step of the dynode of a stage. [ two or more ] 

[Claim 2] The photomultiplier tube according to claim 1 characterized by having further the accelerating electrode which accelerates 
what has a rate small among the secondary electrons produced from said dynode of the 1st step. 

[Claim 3] The photomultiplier tube according to claim 2 characterized by having given predetermined potential to the secondary 
electron produced from said dynode of the 1 st step, and having further the adjustment electrode which corrects the orbit. 



[Translation done.] 
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3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is suitable to carry out cascade multiplication of the photoelectron in many dynodes, reduce 
fluctuation of the electron transit time at the time of cascade multiplication especially about the photomultiplier tube which detects 
pole feeble light, and measure the pulsed light of high speeds, such as a field of life-time-of-fluorescence measurement and high 
energy physics. 
[0002] 

[Description of the Prior Art] There is a thing given in " JP,2-29 1 654,A" as structure of the photomulriplier tube, and it has structure 
like drawing 5 . 

[0003] Drawing 5 is the thing of the type called a head-on mold, and the photoelectric surface 103 of the wall, the focal electrode 102, 
dynodes 104-1 13, and an anode 1 14 are formed in the glass tube object 101. It is impressed by dynodes 104-1 13 so that a sequential 
increment may be carried out, as the bleed-screw electrical potential difference of 350V- 1400V approaches an anode 114. Between the 
1st dynode 104 and the 2nd dynode 105, the pole electrode 1 15 for accelerating the secondary electron produced in the 1st dynode 104 
is formed, and the electrical potential difference (for example, the same electrical potential difference as the 4th dynode 107) 
sufficiently higher than the 1st dynode 104 is impressed to it. 

[0004] If light carries out incidence to the photoelectric surface 103, photo electric translation will be carried out and a photoelectron 
will arise. These photoelectrons are collected with the focal electrode 102, and are sent to the 1st dynode 104. In the 1st dynode 104, a 
secondary electron occurs with this photoelectron, this is sent to the 2nd dynode 105, it is sent to the following dynodes 105-1 13 one 
by one, and multiplication of the secondary electron is emitted and carried out one after another (cascade multiplication). Finally it is 
taken out from an anode 1 14 as an output. 

[0005] With the photomultiplier tube of this drawing 5 , in case the secondary electron generated in the 1 st dynode 104 is sent to the 
2nd dynode 105, the secondary electron is accelerated with the pole electrode 1 15, and variation (TSS) is relatively decreased by 
shortening the electron transit time by this. 
[0006] 

[Problem(s) to be Solved by the Invention] By the approach of accelerating a secondary electron with the above-mentioned pole 
electrode 1 1 5, the secondary electron produced in the part near the pole electrode 1 15 on the 1st dynode 104 receives strong 
acceleration. However, since the orbit is separated from the pole electrode 115, acceleration of the secondary electron produced in the 
part far from the pole electrode 1 15 is weak. Therefore, variation (TSS) in the electron transit time was not fully able to be pressed 
down, the life-time-of-fluorescence measurement in recent years, and time amount decomposition — a spectrum — high-speed 
microscopic weak pulsed light measurement, such as measurement, is developed, and the photomultiplier tube with a still more 
sufficient transient response property is demanded. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the photomultiplier tube of this invention is 
the photomultiplier tube which carries out cascade multiplication of the electron produced by incident light in the photoelectric surface 
by the secondary-electron-emission effectiveness by two or more steps of dynodes, and detects incident light, and it is characterized by 
having the decelerating electrode which slows down what has a large rate among the secondary electrons produced from the 1st step of 
two or more steps of dynodes. 

[0008] It is good also considering having had further the accelerating electrode which accelerates what has a rate small among the 
secondary electrons produced from the dynode of the 1 st step as a description. 

[0009] It is good also considering having given predetermined potential to the secondary electron produced from the dynode of the 1st 

step, and having had further the adjustment electrode which corrects the orbit as a description. 

[0010] 

[Function] In the photomultiplier tube, generally, the electrical potential difference is given to the dynode of each stage of cascade 
multiplication so that an electrical potential difference may become high at order. Electric potential has arisen by the geometric-like 
arrangement of the electrical potential difference to the dynode of each of this stage, and a dynode. This potential affects the rate of a 
secondary electron and is making the time amount to which a secondary electron reaches the dynode of the next step produce a 
difference. 

[001 1 ] With the photomultiplier tube of this invention, a decelerating electrode is prepared and the secondary electron is decreasing 
the time difference which reaches the dynode of the next step by slowing down a secondary electron with a large rate selectively. 
[0012] By having further the accelerating electrode which accelerates a secondary electron with a small rate, the difference of a rate 
decreases more and time difference is decreased more. 

[0013] The effect of the above-mentioned potential is suppressed, the generated secondary electron is completed, and the dynode of 

the next step is made to reach by having an adjustment electrode further. 

[0014] 

[Example] The example of this invention is explained with reference to a drawing. The explanation is simplified or omitted about a 
thing the same as that of the above-mentioned conventional example, or equivalent. Drawing 1 is an example in the type called a head- 
on mold. 

[0015] The photoelectric surface 103 is formed in the wall of the glass tube object 101, and the focal electrode 120,121 is held with the 
maintenance electrode 122 in the internal side face of the glass tube object 101. It not only collects the photoelectrons from the 
photoelectric surface 103, but these focal electrodes 120,121 decrease the variation in the time amount which reaches the 1st dynode 
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104. 

[0016] the 1st dynode 1 04 serves as a configuration to which it is arranged so that it may double with opening of the maintenance 
electrode 122, and the distance to the 2nd dynode 105 serves as about 1 law from each point on the field. Dynodes 104-1 13 serve as 
the geometric-like structure and arrangement which are made to converge the secondary electron to the next step, and are outputted to 
it in response to the secondary electron from the dynode of the preceding paragraph, and the bleed-screw electrical potential difference 
is impressed. Cascade multiplication of the photoelectron from the photoelectric surface 103 is carried out by these. An anode 1 14 sets 
spacing and is prepared in the secondary-electron-emission side side of the plate-like dynode 1 13 of the last stage. 
[0017] Between the 1st dynode 104 and the 2nd dynode 105, the auxiliary electrode 60 (decelerating electrode) and the auxiliary 
electrode 61 (accelerating electrode) are formed. An auxiliary electrode 60 decelerates the short thing of the transit time to the 2nd 
dynode 105 among the secondary electrons from the 1st dynode 104. An auxiliary electrode 61 accelerates the long thing of the transit 
time to the 2nd dynode 1 05 among the secondary electron. What expanded these 60 or about 61 auxiliary electrodes is shown in 
drawing 2 . Since he is trying for a secondary electron to converge the geometric-like structure of dynodes 104-1 13, and arrangement 
to the next step, big effectiveness is acquired only by forming auxiliary electrodes 60 and 61 between the 1st dynode 104 and the 2nd 
dynode 105. 

[001 8] An example of operating conditions, such as a bleed-screw electrical potential difference impressed to this photo-multiplier, is 
shown in a table 1 . Since an auxiliary electrode 60 decelerates the short electron of the transit time, it is made into potential (in this 
case, the same potential as the 2nd dynode 105) lower than the 3rd dynode 106. Moreover, since an auxiliary electrode 61 accelerates 
the long electron of the transit time, it is made into potential (in this case, the same potential as the 4th dynode 107) higher than the 3rd 
dynode 106. 
[0019] 
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[0020] In the basis of the operating condition of this table 1, the short electron orbit 70 of the transit time and the long electron orbit 71 
of the transit time are illustrated by drawing 2 among the secondary electrons from the 1st dynode 1 04. By the time the short electron 
(electron orbit 70) of the transit time reached the 2nd dynode 105, it took 780 psecs, and the long electron (electron orbit 71) of the 
transit time has taken 880 psecs. Those differences are 100psec(s). In the above-mentioned conventional example, it is 500 or more 
psecs like a "JP,2-291654,A" publication, and the variation in the transit time improves substantially. Distribution of the transit time of 
the conventional example and this example is shown in drawing 3 . Distribution ( drawing 3 (b)) of the transit time of this example is 
what shifted to the one among distribution ( drawing 3 (a)) of the transit time of the conventional example where the short component 
of the transit time is longer, and was shifted to the one where the long component of the transit time is shorter with auxiliary electrodes 
60 and 6 1 . Consequently, it rums out that half-value width is narrow. 

[0021] What has improved more the variation in the transit time of the photo-multiplier of drawing 1 is shown in drawing 4 . 
[0022] In this photomultiplier tube, the auxiliary electrode 62 (adjustment electrode) is further formed between the 1st dynode 104 and 
the 2nd dynode 105. An auxiliary electrode 62 suppresses the effect of the 3rd dynode 106 with potential higher than the 1st and 2nd 
dynode, and makes it potential (this example potential of the I st dynode 1 04) lower than the 3rd dynode 1 06. Thereby, in drawing 1 , 
the electron accelerated by the 3rd dynode 106 will not be accelerated, and it is completed by the electron orbit, and the difference of 
the transit time decreases more. 

[0023] By 840psec(s) and the long electron (electron orbit 73) of the transit time, they are 890psec(s) until the short electron (electron 
orbit 72) of the transit time reaches the 2nd dynode 105 in location survey. Those differences are set to 50psec(s) and distribution of 
the transit time comes to be shown in drawing 3 (c). The variation in the transit time improves substantially as compared with the 
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photomultipiier tube of drawing 1 . Moreover, the variation generated in the multiplication after the 2nd dynode 105 is suppressed by 
convergence of an electron orbit 

[0024] Thus, in the photo-multiplier of this invention, since the variation in the transit time of a secondary electron is suppressed 
substantially, the transient response property of photodetection improves substantially, time resolution uses this photomultipiier tube 
depending on a transient response property — high time amount decomposition — a spectrum — measurement becomes possible. 
[0025] Not only the above-mentioned example but various deformation is possible for this invention. 

[0026] For example, in this example, although the case of a head-on mold was shown, it can use also for a side-on mold. Moreover, 
although cascade multiplication is carried out by ten steps of dynodes, even if there are more number of stageses than this, they are* 
good at least. 
[0027] 

[Effect of the Invention] since a secondary electron decreases the time difference which reaches the dynode of the next step as above 
according to the photomultipiier tube of this invention, the variation in the transit time of a secondary electron decreases and the time 
variation of incident light detection is suppressed — the transient response property of photodetection — improving — this 
photomultipiier tube - using — good time amount decomposition - a spectrum - it is measurable. 

[0028] By having an accelerating electrode further, the transient response property of photodetection can be raised further. 

[0029] By having an adjustment electrode further, since a secondary electron is completed and the dynode of the next step is made to 

reach, detection efficiency can be raised more and the variation in the transit time of a secondary electron can be reduced. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram of one example of this invention. 
[Drawing 2] The enlarged drawing near the auxiliary electrode. 
[Drawing 3] The distribution map of the transit time of a secondary electron. 
[Drawing 4] The block diagram of other examples of this invention. 
[Drawing 5] The block diagram of the conventional example. 
[Description of Notations] 

60, 61, 62 ~ An auxiliary electrode, 104-1 13 - Dynode 
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DRAWINGS 



[Drawing 2] 




[Drawing 1] 
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[Drawing 3] 
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Abstract of JP51 14384 

PURPOSE.To reduce the fluctuation of electron 
transit time at the time of cascade multiplication. 
CONSTITUTION:ln a glass tube 101, a 
photoelectric cathode 103 on the inner wall, focus 
electrodes 120,121, dynodes 104-113, and an 
anode 1 14 are provided. To the dynodes 104- 
113, bleeder voltages of 800-225OV are applied 
so as to be increased step by step successively 
according to the approach to the anode 114 
respectively. Auxiliary electrodes 60,61 are 
provided between the 1st. dynode 104 and the 
2nd dynode 105. The auxiliary electrode 60 is 
used for deceleration of secondary electrons 
generated from the 1st. dynode 104, and a 
voltage equal to that of the 2nd dynode 105 is 
applied to it. The auxiliary electrode 61 is used 
for acceleration of secondary electrons and a 
voltage equal to that of the 4th dynode 107 is 
applied to it. 
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